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BULLETIN  304 


ABSTRACTS  OF  PAPERS  PUBLISHED  BY  THE  STA- 
TION IX  1921  BUT  NOT  INCLUDED  IN  THE 
BULLETINS. 

A  complete  list  of  all  the  publications  issued  by  and  from 
the  Station  in  1921  is  given  on  pages  x  to  xii  of  the  introduc- 
tion to  this  Report.  The  following  pages  contain  abstracts  of 
the  papers  issued  during  the  year  that  are  not  included  in  the 
Bulletins  or  Official  Inspections  for  the  year. 

STERILITY  IN  WHEAT  HYBRIDS. 
I.    Sterility  Relationships  and  Exdosperm  Development.^ 

This  paper  furnishes  an  analysis  of  the  sterility  relationship 
in  wheat  as  determined  by  a  study  of  (1 )  the  endosperm  develop- 
ment in  fertile  and  sterile  crosses;  (2)  sterility  in  species  crosses 
as  determined  by  grains  set  and  pollen  counts;  (3)  hybrid  vigor 
of  Fi  plants  in  relation  to  sterility;  and  (4)  size  and  variability 
of  pollen  grains  in  parents  and  Fi  plants. 

Crosses  of  wheat  species  which  produce  sterile  or  partially 
sterile  Fi  hybrids  also  produce  small  wrinkled  Fi  grains.  Fertile 
crosses  produce  large  plump  grains  often  larger  than  the  grains 
of  the  female  parent.  Both  fertile  and  sterile  or  partially  sterile 
Fi  plants  are  usually  more  vigorous  than  the  parents.  Sterile 
combinations  which  produce  small  wrinkled  Fi  endosperms  pro- 
duce large  vigorous  Fi  plants.  The  chromosome  constitution  of 
the  Fi  endosperm  and  the  Fi  plant  is  identical  with  the  exception 
that  the  Fi  endosperm  has  an  extra  set  of  maternal  chromosomes. 
The  individual  chromosomes  are  identical  and  carry  the  same 
factors. 

It  is  evident  that  groups  of  chromosomes  which  are  incom- 
patible in  gamete  formation  can  function  normally  in  the  vege- 
tative development  of  the  plant  so  long  as  the  paternal  and  ma- 
ternal sets  of  chromosomes  are  intact.  In  partially  sterile  crosses 
the  addition  of  an  extra  set  of  maternal  chromosomes  in  case 

^This  is  an  abstract  from  a  paper  by  Karl  Sax  having  the  sr.mc  tillc 
and  published  in  Genetics.  \'ol.  6.  pp.  399-416.  July.  1921. 
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of  the  endosperm  is  correlated  with  abnormal  development.  In 
fertile  combinations  the  extra  set  of  maternal  chromosomes  in 
the  endosperm  causes  no  abnormal  growth,  unless  endosperm 
formation  itself  is  considered  abnormal.  In  fertile  wheat  crosses 
we  get  hybrid  vigor  in  both  Fi  endosperm  and  Fi  plant  as  in 
corn.  In  partially  sterile  crosses,  however,  we  get  a  reduced 
development  of  the  Fi  endosperm  and  yet  the  Fi  plant  is  un- 
usually vigorous.  Apparently  the  hybrid  endosperm  is  not 
always  adapted  to  the  needs  of  the  hybrid  embryo.  In  sterile  or 
partially  sterile  wheat  hybrids  where  the  chromosomes  are  in- 
compatible in  gamete  formation  the  behavior  of  the  3x  chromo- 
somes in  the  Fi  endosperm  developmeni;  is  not  comparable  with 
the  behavior  of  the  2x  chromosomes  in  the  corresponding  Fi 
plant  development. 

The  degree  of  sterility  of  a  wheat  hybrid  may  be  determined 
by  the  amount  of  grain  set  on  the  Fi  plant  and  by  the  amount  of 
aborted  pollen.  In  addition  a  sterile  or  fertile  cross  can  be  rec- 
ognized at  once  by  the  size  and  appearance  of  the  Fi  grain  re- 
sulting from  the  immediate  cross.  Sterile  or  partially  sterile 
crosses  produce  small  wrinkled  Fj  grains,  while  fertile  crosses 
produce  grains  as  large  or  larger  than  those  of  the  maternal 
parent.  Comparisons  are  made  only  with  the  grains  of  the  fe- 
male parent  because  the  Fi  grains  are  also  borne  on  the  female 
parent  and  size  and  shape  of  grain  is  normally  dependent  on  the 
mother  plant  only. 

The  general  sterility  relationships  in  wheat  can  be  made  as 
follows. 

a.  Einkorn  group :  T.  inonococcum.  Varieties  inter-fertile; 
sterile  or  only  slightly  fertile  with  groups  b  and  c. 

b.  Emmer  group:  T.  dicocciiin,  T.  durum,  T.  turgidtun  and 
T.  polonicuin.  Species  and  varieties  inter-fertile;  sterile  or 
slightly  fertile  with  group  a ;  partially  sterile  with  group  c. 

c.  Vulgarc  group:  T.  spelta,  T.  vnlgarc  and  T.  compactum. 
Species  and  varieties  inter-fertile ;  sterile  or  slightly  fertile  with 
group  a ;  partially  sterile  with  group  b. 

The  sterility  relationships  of  the  above  species  groups  are 
based  on  gametic  sterility  and  do  not  apply  to  sterility  as  re- 
ported in  the  cross  of  Bluestem  x  Amby. 

The  available  data  indicate  that  the  size  of  pollen  grains 
vary  significantly  in  different  species  of  Triticum.    The  average 
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volume  of  the  pollen  grains  expressed  in  thousands  of  cubic 
microns  was  found  to  he  71  for  Einkorn.  94  for  Kuhanka  and 
Alaska  ( Emmer  group)  and  114  for  Marquis  and  Hybrid  143 
[c'ulgarc  group).  It  is  rather  remarkable  that  pollengrain  size 
is  so  closely  correlated  with  the  sterilit}  relationships  of  the  three 
groups  of  wheat  species.  The  size  of  pollen  grains  has  little  or 
no  effect  on  the  percentage  of  grain  set  in  crossing.  Crosses 
between  members  of  the  Emmer  and  vu.lgare  groups  are  about  as 
easy  to  effect  as  crosses  within  each  group. 

The  pollen  grains  of  the  Fi  plants  are  more  variable  than 
those  of  the  parents,  due  presumably  to  recombinations  of  ma- 
ternal and  paternal  chromosomes  in  the  haploid  generation. 

A  varietal  cross  within  the  vidgarc  group  produced  Fi  plants, 
which  failed  to  develop  beyond  the  rosette  stage,  presumably  due 
to  lethal  or  inhibiting  factors. 

STUDIES  OX  CONFORMATION  IN  RELATION  TO 
MILK  PRODUCING  CAPACITY  IN  CATTLE. 

II.    The  Personal  Equation  of  the  Cattle  Judge. - 

This  paper  presents  an  analysis  of  the  judging  ability  of  a 
group  of  19  men,  judging  ability  being  based  on  whether  or  not 
the  judge  can  place  dairy  cows  by  their  conformation  and  at  the 
same  time  place  them  in  order  of  their  milk  yield.  The  study  of 
the  average  score  given  each  group  of  cows  by  the  different 
judges  showed  that  a  wide  divergence  of  opinion  exists  as  to  what 
score  should  be  given  to  animals  of  a  given  milk  yield.  This,  of 
course,  does  not  say  that  the  judges  who  score  all  of  their  cattle 
high  for  a  given  average  of  milk  production  are  better  judges  of 
milk  yield  from  conformation  than  those  who  score  their  cattle 
lower.  In  fact  the  reverse  may  be  the  case.  The  only  difference 
is  that  the  mental  scale  of  the  value  of  conformation  for  milk 
yield  differs  in  men.  causing  the  resultmg  score  on  cows  of  the 
same  milk  yield  to  be  lower  or  higher  i-.i  accord  with  the  relative 
level  of  their  mental  scale. 


"This  is  an  abstract  from  a  paper  by  John  W.  Gowen  having  the  same 
title  and  published  in  Journal  of  Dairy  Science,  Vol.  IV.  No.  5.  pp.  359-374, 
September,  1921. 
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While  these  mental  scales  are  different  they  do  show  that 
there  is  some  common  ground  between  chem  for  a  comparison  of 
the  average  milk  yields  and  scores,  the  low  milk  yields  tending  to 
go  with  the  low  scores  and  the  high  milk  yields  with  the  high 
scores.  The  mental  scales  for  conformation  and  its  standards  as 
held  by  these  19  judges  are  independent  of  their  judging  ability. 
Thus  two  equally  good  judges  might  place  the  same  cow  many 
points  apart  on  score  but  would  in  the  show  ring  place  her  in 
the  same  relative  position,  say  second  place,  among  her  competi- 
tors. Cows  with  larger  average  milk  yields  are  shown  to  be 
easier  to  judge  than  are  cows  whose  milk  yields  are  less. 

Comparison  of  the  individual  judges  shows  that  only  about 
one  man  in  two  can  judge  a  cow  and  select  her  for  her  milk 
yield.  While  this  indicates  the  points  of  conformation  as  worth 
something  as  a  means  of  predicting  milk  yield,  still  it  does  not 
make  them  worth  a  great  deal.  If  comparison  is  made  between 
this  figure  and  that  for  the  relation  of  a  milk  yield  of  short 
duration  (seven  days)  with  the  milk  yield  of  the  year  period  it 
is  found  that  the  milk  yield  is  nearly  two  times  as  valuable  as  an 
indicator  of  milk  production  over  the  long  period  as  is  the  con- 
formation of  the  cow  even  though  this  conformation  be  judged 
by  men  of  long  experience. 

IDENTICAL  TWINS  IN  CATTLE.^ 

This  paper  presents  a  study  of  the  sex  ratio  and  color  mark- 
ings of  twins  births  to  determine  if  identical  twins  appear  in 
cattle.  The  sex  ratio  of  twin  births  is  approximately  a  1:2:1 
ratio  for  data  which  are  known  to  be  based  on  random  sampling. 
The  color  marking  of  like  twins  are  but  little  more  alike  than  the 
color  markings  of  unlike  twins.  Such  being  the  case,  it  cannot 
be  argued  that  twins  of  identical  markings,  tongue  color  or  switch 
color  exist  in  cattle.  In  fact  if  identical  twins  in  cattle  occur  at 
all  they  occur  only  infrequently  say  not  over  3  to  5  per  cent. 


"This  is  an  abstract  from  a  paper  by  John  W.  Gowen  having  the  same 
title  and  published  in  the  Biological  Bulletin,  Vol.  XLII,  No.  1,  pp.  1-7, 
January,  1922, 
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COMPLETE  LINKAGE  IN  DROSOPIIILA  MELANO- 

GASTER.-* 

The  cultures  of  the  authors  contauicd  a  mating  which,  in 
1917,  gave  a  stock  of  flies  that  have  no  crossingover  for  the  sex 
chromosome,  the  second  chromosome  and  the  third  chromosme 
of  DrosopJiila  uiclanogastcr.  The  disturbance  is  due  to  a  reces- 
sive factor  located  in  the  third  chromosome.  This  recessive  fac- 
tor affects  only  the  crossingover  mechanism,  so  far  as  it  is  pos- 
sible to  determine. 

STUDIES  IN  MILK  SECRETION. 

X.    The  Relation  Between  the  Milk  Yield  of  One  Lacta- 
tion AND  the  IMilk  Yield  of  a  Subsequent  Lactation  in 
Guernsey  Advanced  Registry  Cattle.'^ 

This  paper  presents  an  analysis  of  the  Guernsey  Advanced 
registry  records  to  determine  what  relation  exists  between  the 
milk  yield  of  one  lactation  and  that  of  another. 

Environment  may  materially  eft'ect  the  milk  yield  of  a  cow. 
Thus  Guernsey  cows  on  retest  produced  over  1000  pounds  milk 
more  than  their  sisters  on  first  test  at  the  same  age.  The  varia- 
tion of  Guernsey  milk  yield  agrees  with  that  of  the  other  breeds. 
The  relation  of  the  milk  yield  of  one  lactation  to  that  of  another 
is  high  ranging  from  0.462  to  .811  in  tne  correlation  scale.  Com- 
pared with  a  pure  bred  herd  of  Jerseys  the  average  coefficient  of 
correlation  is  nearly  .15  higher  for  the  Guernsey  advanced  regis- 
try cattle  than  it  is  for  the  Jerseys.  Compared  with  the  records 
for  egg  production,  the  Guernsey  milk  records  indicate  with 
much  greater  accuracy  what  the  subsequent  retest  milk  record 
will  be  than  do  the  egg  records  for  one  month  indicate  what  the 
subsequent  eleven  months  egg  record  will  be  for  white  leghorn 
hens.  Equations  are  presented  to  determine  from  one  lactation's 
advanced  registry  record  what  will  l)e  the  probal)le  record  at  a 
subsequent  lactation. 

^This  is  an  abstract  from  a  paper  by  Marie  S.  Go  wen  and  John  W. 
Gowen  having  the  same  title  and  published  in  the  American  Naturalist. 

"This  is  an  abstract  from  a  paper  by  John  W.  Gowen  having  the  same 
title  and  published  in  the  Journal  of  Dairy  Science. 
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STUDIES  IX  MILK  SECRETION. 

The  Relation  Between  the  Butter-Fat  Percentage 
One  Lactation  and  the  Butter-Fat  Percentage  of  a 
Subsequent  Lactation  in  Guernsey  Advanced 
Registry  Cattle.*^ 

This  paper  presents  data  to  show  the  reliabihty  of  an  ad- 
vanced registry  record  of  Guernsey  cattle  in  predicting  what  the 
cow  will  do  in  a  subsequent  advanced  registry  retest  for  other 
lactations.  The  principal  facts  resulting  from  this  study  may  be 
briefly  stated  as  follows.  L'nlike  milk  yield  the  butter-fat  per- 
centage of  these  Guernsey  advanced  registry  cows  shows  no  in- 
crease on  retest.  It  remains  approximately  the  same  in  the  re- 
test  as  in  the  first  test.  The  variation  oi  the  butter- fat  percentage 
is  closely  similar  to  that  of  other  breeds  of  cattle.  The  relation 
of  the  butter-fat  percentage  of  one  lactation  to  that  of  another 
is  high  ranging  from  0.637  to  .893  in  terms  of  the  correlation 
scale.  The  average  correlation  coefficient  is  .792.  This  average 
is  1.1  times  as  high  as  that  for  milk  yield  of  these  same  cows  or 
a  butter- fat  percentage  record  may  be  more  acciu-ately  predicted 
from  a  previous  test  than  can  a  record  for  milk  yield  be  pre- 
dicted from  a  previous  test.  Comparison  of  these  results  with 
records  of  a  pure  bred  Jersey  herd  for  the  relation  of  one  lacta- 
tion to  another,  indicates  that  the  advanced  registry  records 
predict  a  subsequent  advanced  registry  performance  more  accu- 
rately than  would  be  expected  to  be  the  case  for  all  Guernsey 
cows.  A  comparison  of  the  value  of  a  month's  egg  record  in 
predicting  the  other  eleven  months'  record  with  Guernsey 
btuter-fat  percentage  records  shows  that  a  Guernsey  butter-fat 
percentage  record  predicts  more  accurately  the  subsequent  butter- 
fat  percentage  record  than  does  an  egg  record  predict  the  sub- 
sequent performance  of  the  hen.  Comparison  of  scoring  as  a 
method  of  selecting  cattle  for  milk  yield  or  butter-fat  percentage 
with  an  advanced  registry  record  for  selecting  milch  cows  shows 
the  advanced  registry  record  to  be  several  times  more  valuable 
than  the  score  card.  Equations  are  presented  to  determine  from 
one  lactation's  advanced  registry  butter-fat  percentage  record 

"This  is  an  abstract  from  a  paper  by  John  W.  Gowen  having  the  same 
title  and  pubhshed  in  the  Journal  of  Dairy  Science. 
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what  the  prol)ablc  butter-fat  percentage  record  at  a  srJ)se(iuent 
lactation  will  be. 

WHEAT  INVESTIGATIONS. 

II.    Correlations  Retweex  \'arious  Characters  of  Wheat 
AND  Flour  as  Determined  from  Published  Data  from 
Chemical,  ^Iilkixg  and  Baking  Test  of  a  Number 
of  American  Wheats." 

The  data  presented  in  this  paper  pertain  to  the  relationships 
which  exist  between  crude  protein,  dry  gluten,  gliadin,  water 
absorption,  flour  yield  and  loaf  volume  for  the  wheats  found  in 
ditterent  parts  of  the  country.  The  general  conclusions  briefly 
stated  are  as  follows. 

Crude  protein  content  in  the  wheat  is  very  closely  and  con- 
sistently correlated  with  protein  in  flour,  dry  gluten  and  gliadin. 
Tkere  appears  to  be  practically  no  relation  between  crude  protein 
content  in  the  wheat  and  flour  yield.  Tiiere  is,  with  some  notable 
exceptions,  a  high  positive  correlation  between  the  crude  protein 
in  the  wheat  and  strength  of  flour  as  determined  by  the  loaf 
volume.  There  is  generally  even  a  higher,  positive  correlation 
between  protein  in  the  flour  and  loaf  volume.  The  gluten  content 
of  the  flour  is  very  closely  correlated  with  loaf  volume.  The 
intensity  of  association  between  these  lwo  variables  appears  to 
be  greater  than  that  for  protein  in  flour  and  loaf  volume.  There 
is  generally  a  high,  positive  correlation  lietween  wet  gluten  con- 
tent and  loaf  volume.  There  is,  with  some  exceptions,  a  positive, 
fairly  high  correlation  between  water  absorption  of  the  dough 
and  loaf  volume.  In  normal,  sound  wheat  there  is  apparently  no 
significant  correlation  between  flour  yield  and  loaf  volume.  Ex- 
cepting the  data  for  a  few  wheat  groups,  there  is  a  positive,  and, 
for  some  wheat  groups  a  very  high  correlation  between  gliadin 
content  and  loaf  volume.  Dry  gluten  content  is  generally  highly 
-  correlated  with  gliadin  content.  From  the  scant  data  for  dry 
gluten  content  and  water  absorption  it  would  seem  that  there  is 
no  significant  correlation  between  these  two  varialiles,  which  is 
contrary  to  expectation.    Loaf  volume  is  associated  mor:  closely 

'This  is  an  abstract  from  a  paper  by  Jacob  Zinn  b.avirg  the  same  title 
and  published  in  the  Journal  of  Agricu'tural  Re  earch. 
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with  gluten  qiialit}'  as  indicated  by  the  correlation  ratio  than 
with  any  other  character  considered.  There  appears  to  be  a 
constant  and  fairly  high  correlation  l:etween  the  content  and 
quality  of  gluten. 

STUDIES  IX  MILK  SECRETIOX. 

XIII.    Relatiox  Between  the  ^vIilk  Yields  axd  Butter-Eat 
Percentages  of  the  7  Day  axd  365  Day  Tests  of  Hol- 
steix-Friesiax  Advaxced  Registry  Cattle.^ 

This  paper  presents  a  study  of  the  variability  of  the  7  day 
and  365  day  records  in  Holstein-Er^'esian  advanced  registry 
testing.  The  following  are  the  major  conclusions  derived  from 
the  results. 

The  coefficients  of  variation  for  the  7  day  milk  yields  are 
less  than  the  coefficients  of  variation  for  the  365  dav  milk  yields. 
The  coefficients  of  variation  for  the  7  day  l^utter-fat  percentages 
are  greater  than  the  coefficients  of  variation  for  the  365  day 
butter-fat  percentages. 

The  correlation  coefficients  between  the  365  day  milk  yields 
or  butter-fat  percentages  and  those  of  a  subsequent  lactation  are 
all  large.  The  correlation  coefficients  for  the  7  day  milk  yields 
or  butter-fat  percentages  and  those  of  the  365  day  period,  when 
the  7  day  test  is  a  part  of  the  365  day  test,  are  high  but  not  as 
high  as  those  for  the  365  day  test  with  the  sulisequent  365  day 
test.  The  correlation  coefficient  for  the  7  day  test  and  the  365 
day  test,  when  the  7  day  test  is  not  a  part  of  the  365  day  test, 
are  slightly  lower  than  either  of  the  other  two  tests.  All  records 
have  a  significantly  high  value. 

The  comparison  of  the  correlation  coefficients  and  the  cor- 
relation ratios  shows  that  the  regression  lines  are  linear. 

The  7  day  and  365  day  records  as  measures  of  subsequent 
production  are  compared  with  other  records  like  egg  production 
for  the  month  as  an  indicator  of  the  egg  production  for  the  year. 
These  comparisons  show  that  the  7  day  and  365  day  records  are 
fully  on  a  par  with  the  other  agencies  used  to  predict  other  eco- 
nomic variables. 


■"This  is  an  abstract  from  a  paper  by  John  \\'.  Gowen  having  the  same 
titk'  and  published  in  the  Journal  of  Dairy  Science, 
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When  all  records  are  grouped  irrespective  of  the  ages  of 
the  cows  at  test,  the  order  of  merit  of  tlie  7  day  and  365  day 
records  for  milk  yield  is  changed.  This  is  due  to  the  effect  of 
age  on  milk  yield  causing  a  heterogeneity  in  the  data. 

Xo  significant  difference  is  found  in  the  value  of  the  7  day 
test  as  a  measure  of  the  365  day  test  ai  the  present  time  as  com- 
pared with  it  as  a  measure  of  this  same  variable  in  the  past. 

Prediction  equation  to  determine  the  milk  yield  or  butter- fat 
percentage  of  the  7  day  record  from  the  365  day  records,  the 
365  day  record  from  the  7  day  records  or  the  365  day  record 
from  the  365  day  record  are  presented. 

STUDIES  IX  ORCHARD  MAXAGE^^IEXT. 

Productive  axd  Uxtroductive  Types  of  Apple  Trees.^ 

This  paper  presents  a  study  of  881  Ben  Davis  trees  to  show 
that  productive  and  unproductive  trees  are  closely  associated 
with  definite  types  or  habits  of  growth.  The  productive,  or  type 
1,  trees  are  large,  open  and  spreading,  with  short  laterals  and 
many  spurs.  The  unproductive,  or  type  3,  trees  are  small  and 
upright  with  slender  [^ranches  and  itw  spurs.  Between  these 
two  extreme  types  are  a  numl)er  of  intermediate  types. 

Such  differences  as  these  call  for  an  explanation.  In  the 
light  of  a  critical  analysis  of  the  literature  the  differences  in  pro- 
ductivity of  trees  of  a  clonal  variety  may  be  attributed  to  soil, 
root  stocks,  bud  variation,  or  to  unknown  factors.  In  the  Ben 
Davis  orchard,  soil  was  found  to  be  an  important  factor  in  caus- 
ing dift'erences  in  type  and  yield  of  trees.  The  influence  of  favor- 
able or  unfavorable  root  stocks  is  also  an  important  factor  in 
tree  growth  and  productivity.  There  is  no  critical  evidence  that 
differences  in  productivity  within  a  clonal  variety  are  due  to 
bud  variation. 


*This  is  an  abstract  from  a  paper  by  Karl  Sax  and  John  W.  Gowcn 
having  the  same  title  and  published  in  the  Journal  of  Heredity.  Vol.  XII, 
No.  7,  pp.  290-350. 
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CHROMOSOME  RELATIONSHIPS  IN  \VHEAT.^° 

The  chromosome  groups  for  the  different  species  of  wheat 
are  determined  by  a  study  of  the  geim  cells.  Einkorn  has  7 
haploid  chromosomes;  the  Emmer  group,  consisting  of  T.  dicoc- 
ciiui,  T.  diiriiin,  T.  furgidiiiii  and  T.  poloiiiciiin  has  14-  haploid 
chromosomes,  and  the  Vulgare  group,  consisting  of  T.  vulgarc 
and  T.  coiupacfitui,  has  21  haploid  chromosomes. 

A  study  of  the  sterility  relationships  of  species  crosses  has 
already  been  completed  and  is  of  considerable  interest  in  con- 
nection with  the  chromosome  number.  Einkorn  with  7  chromo- 
somes crossed  with  members  of  the  Emmer  group  with  14 
chromosomes  or  with  members  of  the  ATilgare  group  with  21 
chromosomes,  results  in  almost  totally  sterile  Fi  plants.  ]\Iem- 
bers  of  the  Emmer  group  crossed  with  members  of  the  \Tilgare 
group  result  in  only  partially  sterile  Fi  individuals.  Species 
within  each  group  are  inter-fertile.  There  is  some  evidence  that 
the  larger  chromosome  num]:ers  are  due  to  reduplication  rather 
than  fragmentation.  If  we  assume  that  the  size  of  a  given  cell  is 
dependent  on  the  chromosome  content,  the  relationship  of  the 
three  groups  of  wheat  species  becomes  clearer.  We  have  found 
that  the  volume  of  the  mature  pollen  grains,  measured  in  thou- 
sands of  cubic  microns,  is  aliout  72  for  Einkorn,  94  for  the 
Emmer  group,  and  114  for  the  Vulgare  group.  The  diilerences 
in  chromosome  numbers  of  the  three  groups  of  species  are  clo:ely 
associated  with  corresponding  differences  in  size  of  pollen  grains. 

SIMPLE  DEVICE  FOR  WEIGHING  SEEDS.^^ 

This  paper  gives  a  description  of  an  apparatus  for  accurate 
and  rapid  weighing  of  seeds  like  those  of  wheat  or  beans. 

^"This  is  an  abstract  from  a  paper  by  Karl  Sax,  having  the  same  title 
and  published  in  Science  N.  S.,  Vol.  LIX,  No.  1400.  pp.  413-415.  October 
28,  1921. 

"This  is  an  abstract  of  a  paper  by  Karl  Sax  having  the  same  title 
and  published  in  the  Botanical  Gazette,  Vol.  LXXI.  No.  5.  p.  399.  Msiy, 
1921. 
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LEAFROLL,  XET-XECROSIS,  AND  SPIXDLIXG- 
SPROUT  OF  THE  IRISH  POTATO.^-^ 

This  paper  summarizes  results  of  experiments,  conducted 
mostly  in  Maine,  upon  certain  potato  diseases. 

Diseased  conditions  known  as  leafroll,  net-necrosis,  and 
spindling-sprout  each  may  have  several  causes.  This  paper  is 
concerned  only  with  such  conditions  in  which  the  cause  is  a  cer- 
tain "virus."  The  exact  nature  of  the  virus  is  not  known,  but 
its  presence  can  be  recognized  by  the  effects,  which  are  distin- 
guished from  those  with  other  causes. 

Leafroll  is  common  and  decreases  the  yield.  Xet-necrosis 
and  spindling-sprout  are  less  common,  but  are  more  injurious 
when  present. 

Transmission  of  leafroll  from  season  to  season  occurs  in 
tui)ers  produced  by  diseased  hills.  Plants  may  appear  healthy 
throughout  the  season  and  yet,  if  infected  late,  may  have  diseased 
progeny. 

The  infectiousness  of  the  disease  wp.s  demonstrated  by  means 
of  tuber  grafts  and  stem  grafts.  This  was  done  in  part  in  the 
field  with  plant  lice  eliminated. 

Plant  lice  were  also  a  means  foi  transferring  the  disease. 
As  more  conditions  favored  the  dispersal  of  these  insects  from 
diseased  plots  to  healthy  plants,  there  followed  greater  spread 
of  the  disease,  both  in  the  open  field  and  in  the  greenhouse.  These 
insects  also  transmitted  leafroll  when  transferred  from  one  caged 
plant  to  another. 

Tests  were  made  that  indicated  that  soil  was  not  an  effective 
means  of  transmission  of  leafroll. 

The  same  virus  may  cause  both  leafroll  and  net-necrosis, 
and  net-necrosis  usually  causes  spindling-sprout.  The  leafroll 
virus  causes  net-necrosis  more  often  as  certain  conditions  occur 
in  regard  to  variety,  tuber  weight,  and  time  elapsed  after  infec- 
tion or  harvesting. 

A  more  northern  climate  seems  to  decrease  the  spread  of 
leafroll.  It  appears  that  in  a  given  region  the  most  important 
measures  to  be  taken  to  prevent  the  spread  of  leafroll  in  a  sus- 

'  This  is  an  abstract  of  a  paper  by  Don? Id  Folsom  and  a  cooperating 
member  of  the  Bureau  of  Plant  Industry,  having  the  same  title  and  pub- 
lished in  Jcurnal  of  Agricultural  Research,  \^ol.  XXI,  Xo.  1.  p.  47-80. 
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ceptible  variety  are  those  which  will  reduce  or  prevent  dispersal 
of  insects  from  diseased  to  healthy  plants,  and  which  Vv'ill  elim- 
inate diseased  tubers.  These  are  isolation  of  the  seed-plot,  use 
of  the  larger  tubers  for  seed,  and  removal  of  diseased  hills. 

EFFECTS  UPON  THE  GROWTH  OF  POTATOES,  CORN 
AND  BEANS  RESULTING  FROM  THE  ADDITION 
OF  BORAX  TO  THE  FERTILIZER  USED.^^ 

This  is  a  continuation  of  the  studies  upon  the  injurious 
effects  of  borax  in  fertilizers,  which  were  begun  at  this  Station 
and  published  in  Bulletin  288.  The  work  here  reported  was 
conducted  in  the  greenhouses  of  the  Vermont  Station  under  the 
joint  auspices  of  the  New  England,  New  A^ork  and  New  Jersey 
Stations. 

The  chief  purpose  of  the  experiments  reported  in  this  pub- 
lication was  to  determine  whether  the  injuries  previously  ob- 
served both  in  the  field  and  in  the  greenhouse  were  due  alone  to 
the  borax  present  in  the  fertilizers  and,  if  so,  what  is  the  maxi- 
mum amount  of  borax  that  can  be  applied  per  acre  to  land  on 
which  important  food  plants  are  grown,  without  causing  this 
injury.  Potatoes,  corn  and  beans  weie  selected  as  representa- 
tives of  three  dift'erent  types  of  such  plants.  The  plan  followed 
provided  that  the  soil  in  a  pot  containing  borax,  for  example, 
should  differ  in  only  one  respect  in  its  fertilizing  treatment  from 
a  pot  of  the  same  soil  containing  none  of  this  substance.  All  of 
the  fertilizer  used  consisted  of  a  single  basal  mixture  prepared 
from  materials  of  known  composition  and  borax-free.  Equal 
amounts  of  this  fertilizer  were  used  alone,  and  with  additions  of 
definite  amounts  of  borax  in  pots  of  the  same  size  in  which  the 
different  types  of  plants  were  grown.  Some  comparisons  were 
also  made  with  a  commercial  fertilizer  with  which  field  and  green- 
house records  had  been  obtained  previously  with  potatoes.  At- 
tempts were  made  to  determine  the  effect  of  distributing  the 
fertilizer  above  and  below  the  seed  oi  seed-piece,  both  in  drills 
and  mixed  with  the  soil.  Ground  limestone,  hydrated  lime,  gyp- 
sum and  manure  were  added  to  the  pots  in  some  instances  in 

"This  is  an  abstract  of  a  paper  by  J.  R.  Neller  and  W.  J.  Morse, 
having  the  same  title  and  published  in  Soil  Science,  Vol.  12,  pp.  79-105, 
August,  1921. 
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order  to  determine  whether  they  would  neutraUze  the  toxic 
effects  of  borax,  wholly  or  in  part. 

The  soil  used  resembled  a  sandy  clay  loam  and  had  a  maxi- 
mum water  capacity  of  37.5  per  cent  by  the  liilgard  method.  It 
contained  4.22  per  cent  of  volatile  matter  and  had  a  lime  rec^uire- 
ment,  or  absorption  coefficient  of  320  pounds  per  acre.  The  pots 
used  were  solid  glazed  jars  in  order  to  prevent  any  accumulation 
of  borax  or  fertilizing  ingredients  in  the  walls  of  the  pots  as 
might  occur  with  porous  pots  as  the  result  of  constant  evapora- 
tion of  soil  water  from  their  outer  surfaces.  Provision  was 
made  to  water  the  soil  in  the  pots  both  from  the  top  and  the 
bottom.  In  the  greater  part  of  the  experiments  the  soil  was  main- 
tained at  50  per  cent  of  its  water-holdmg  capacity. 

The  following  is  a  summary  of  the  eft'ects  observed  on 
potatoes,  corn  and  beans  resulting  from  the  additions  of  varying 
amounts  of  borax  to  the  fertilizer  used  in  the  pots  in  which  the 
plants  were  grown. 

Effects  ox  Potatoes 

The  application  of  2  pounds  of  borax  per  acre  caused  no 
injury  to  potato  plants,  while  a  few  of  the  plants  where  5  pounds 
per  acre  were  added  exhibited  a  slight  injury  to  the  lower  leaves. 

The  additions  of  10  and  20  pounds  of  borax  per  acre  caused 
a  marked  injury  and  retardation,  especially  when  applied  below 
the  seed-pieces. 

In  general  the  toxic  limit  of  borax  for  potatoes  under  the 
conditions  of  the  experiment  was  somewhat  above  5  pounds  per 
acre. 

When  applied  above  the  seed-pieces  there  was  no  noticeable 
effect  on  potato  foliage  when  the  plants  were  young,  but  later 
they  developed  excessive  leaf  injury  where  borax  was  present 
at  the  rates  of  10  or  20  pounds  per  acre. 

Borax-fertilizer  mixtures  applied  below  the  seed-pieces 
proved  to  be  the  most  toxic,  particularly  when  in  drills.  The 
plants  receiving  the  heavier  applications  were  stunted  from  the 
first  and  often  developed  considerable  leaf  injury  also. 

The  higher  borax  applications  caused  considerable  injury 
to  root  systems  and  decrease  in  tuber  yields,  especially  when 
applied  below  the  seed-piece.  Stem  injury,  both  al)ove  and  below 
surface  of  the  soil,  was  most  marked  where  the  plants  grew 
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normally  at  first,  but  were  injured  later  by  the  borax  which  had 
been  applied  above  the  seed-piece. 

Both  finely  ground  Hmestone  and  hydrated  Hme  appeared  to 
neutraHze  some  of  the  toxicity  of  borax  when  applied  in  drills 
below  the  seed-piece  at  the  rate  of  10  pounds  per  acre. 

Plants  grown  in  pots  fertilized  wi^h  a  commercial  fertilizer 
containing  borax  developed  the  same  types  of  injury  as  occurred 
where  borax-fertilizer  mixtures  were  applied.  Boron  was  found 
to  be  present  in  the  aft'ected  leaves  in  both  cases. 

Effects  ox  Corx 

Corn  plants  appear  to  be  particularly  sensitive  to  borax 
when  young  but  more  resistant  when  older. 

For  this  reason  the  toxic  limit  of  borax  for  corn  depends 
largely  upon  the  method  of  application.  The  tests  showed  that 
borax-fertilizer  applications  below  the  seed  are  much  more  liable 
to  be  toxic  than  those  above  or  those  which  are  mixed  with  the 
surface  soil. 

It  was  apparent  that  the  application  of  1  and  2  pounds  per 
acre  of  borax  was  not  harmful.  The  evidence  indicates  that  5 
pounds  is  the  largest  amount  of  borax  per  acre  that  can  be  used 
on  corn  and  that,  even  at  this  rate,  injury  may  occur  when  the 
material  is  applied  in  drills  below  the  seed. 

The  10  and  20-pound  treatments  were  toxic,  under  the 
conditions  of  the  tests,  and  caused  most  of  the  seedlings  either  to 
fail  to  appear  or  to  turn  white  and  die.  The  few  which  grew 
were  stunted  and  exhibited  banded  bleaching. 

Lime  and  gypsum  as  well  as  manure  appeared  to  neutralize 
some  of  the  toxic  effect  of  borax. 

The  results  obtained  from  using  a  ready-mixed  commercial 
fertilizer  containing  borax  were  much  the  same  as  those  result- 
ing from  the  use  of  borax-fertilizer  mixtures  made  from  tested 
chemicals. 

Effects  ox  Beaxs 

Borax  applied  at  the  rate  of  2  pounds  per  acre  caused  no 
injury  to  the  growth  of  beans  while  with  a  4-pound  application 
the  characteristic  injury  and  stunting  of  growth  was  quite 
marked.     Under  the  conditions  of  the  experiment,  the  toxic 
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limit  tor  this  ])lant  was  in  the  neighhorhood  of  3  pounds  of  horax 
per  acre  when  apphed  in  drills.  W  hen  hroadcasted  the  toxic 
limit  was  al^out  5  pounds  per  acre.  ]\lost  of  the  plants  in  the 
10-pound  and  all  of  those  in  the  20-poinid-per-acre  horax  appli- 
cations cither  died  or  failed  to  appear  above  the  soil. 

Young  bean  plants  are  especiallv  sensitive  towards  borax 
injury.  For  that  reason  l)orax-fertilizer  applications  in  drills, 
particularly  in  drills  1)elow  the  seed,  are  more  toxic  than  broad- 
casted a])plications.  since  the  young  roots  come  into  contact  with 
dissolved  l,orax  earlier  and  since  the  l)orax  solution  is  more  con- 
centrated at  lirst,  when  applied  in  drills. 

Given  amounts  of  borax  which  were  toxic  towards  germina- 
tion and  growth  in  soil  held  at  a  30  per  cent  moisture  content 
were  much  more  toxic  in  soil  containing  half  as  much  water. 

In  a  comparison  of  borax-fertilizer  mixtures  with  a  com- 
mercial fertilizer,  containing  an  equivalent  amount  of  borax,  the 
same  type  of  injury  occurred  in  both  cases  and  the  commercial 
fertilizer  was  more  toxic.  Since  the  leaves  in  the  latter  case 
contained  a  greater  quantity  of  boron  it  is  believed  that  the  super- 
toxicity  of  the  commercial  fertilizer  was  not  due  to  some  addi- 
tional deleterious  substance,  but  rather  to  a  slower  dissolving 
and  leaching  away  of  the  naturally  incorporated  borax  which 
would  cause  the  young  roots  to  come  into  contact  with  borax 
for  a  greater  length  of  time. 

Hydrated  lime  neutralized  a  part  of  the  toxic  effect  of  borax, 
particularly  when  mixed  and  applied  in  drills  with  the  borax- 
fertilizer  mixtures.  The  applications  of  gypsum  and  manure 
did  not  retard  the  toxicity  of  borax  to  any  appreciable  extent. 

METEOROLOGICAL  OBSERVATIONS. 

For  many  years  the  meteorological  apparatus  was  located 
in  the  Experiment  Station  building  and  the  observations  were 
made  by  members  of  the  Station  Staff.  June  1,  1911,  the  me- 
teorological apparatus  was  removed  to  W'ingate  Hall  and  the 
observations  are  in  charge  of  Dr.  James  S.  Stevens,  professor 
of  physics  in  the  University  of  Maine. 

In  September.  1914.  the  meteorological  apparatus  was 
moved  to  Aubert  Hall,  the  present  headquarters  of  the  physics 
department. 
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The  instruments  used  are  at  Lat.  44"^'  54'  2"  X.  Lon.  64^ 
40'  5"  AA'.  Elevation  135  feet. 

The  instruments  used  are  the  same  as  those  used  in  pre- 
ceding years,  and  include :  ^Maximum  and  minimum  thermom- 
eters ;  rain  gauge ;  self-recording  anemometer :  vane ;  and  ba- 
rometers. The  observations  at  Orono  now  form  an  almost  un- 
broken record  of  fifty-three  years. 


Meteorological  Observation's, 
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REPORT  OF  THE  TREASURER. 

The  Station  is  a  department  of  the  University  and  its 
accounts  are  kept  in  the  office  of  the  Treasurer  of  the  Univer- 
sity. The  books,  voucher  files,  etc.,  are,  however,  all  distinct 
from  those  of  the  other  departments  of  the  University.  The 
classification  of  accounts  is  that  prescribed  by  the  auditors  on 
the  part  of  the  Federal  Government,  and  approved  by  the  State 
Auditor.  All  of  the  accounts  are  audited  by  the  State  Auditor, 
and  the  Hatch  Fund  and  Adams  Fund  accounts  are  also  audited 
by  the  Office  of  Experiment  Stations  acting  for  the  United 
States  Secretary  of  Agriculture  in  accordance  with  Federal  Law. 

The  income  of  the  Station  from  public  sources  for  the  year 


that  ended  June  30,  1921,  was: 

U.  S.  Government,  Hatch  Fund  appropriation   $15,000.00 

U.  S.  Government,  Adams  Fund  appropriation   15,000.00 

State  of  Maine,  Animal  Husbandry  investigation 

appropriation    5,000.00 

State  of  Maine,  Aroostook  Farm  investigation   5,000.00 

State  of  Maine,  Highmoor  Farm  investigations   5,000.00 


The  cost  of  maintaining  the  laboratories  for  the  inspection 
analyses  is  borne  by  analysis  fees  and  by  the  State  Department 
of  Agriculture.  The  income  from  sales  at  the  experiment  farms 
is  used  for  the  expense  of  investigations.  The  printing  is  paid 
for  by  an  appropriation  to  the  University. 

At  Aroostook  Farm  there  are  in  connection  with  the  coop- 
erative work  with  the  Federal  Department  of  Agriculture  ex- 
penditures mostly  under  "labor"  for  the  Department  and  for 
which  the  Station  is  reimbursed.  There  are  also  certain  expen- 
ditures for  the  Department  made  from  sales  of  crops  from 
Department  investigations  that  do  not  appear  in  the  tabular 
statements.  They  are  carried  as  distinct  and  separate  accounts, 
always  with  credit  balances,  on  the  Station  ledger. 


Rfport  of  thk  Trkasurkr. 


Report  of  the  Treasurer  for  Year  Ending  June  30,  1*^21 
disbursements. 


Hatch 

Adams 

Animal 

Fund 

Fund 

Husbandry 

Investigations 

?alarivs   

Labor   

Publications   

Postage   and  Stationery  

iirht   and  Express  

:t,  light  and  power  

inical  and  laboratory  suppliss.. 
~    Is,  plants  and  sundry  supplies.. 

Ft^rtilizers   

Fading  stuffs  

rary   

Tools,  machinery  and  appliances  

T  .rniture  and  fixtures  

ntific  apparatus  and  specimens. 

Live  stock  

I-aveling  expenses  

:itingent  expenses  

Buildings   

Total  


159.93 
390.89 
n.89 
615.16 
S.OD 
246.80 
333.16 
2463.05 
190.26 
339.34 
42.25 
29.01 

315.93 
25.62 
16.15 

?1 5000.00 


$11532.55 
825.94 

73.23 
83.85 
115.93 
119.70 
154.91 

1161.35 
14^69 
3.15 
53.00 
220.28 
114.45 
427.61 
20.00 
79.36 
!jl5ODD.0O 


$2050.02 
1612.58 
5.10 
129.38 
100.81 
10.00 

194.13 

1098.39 

23.20 
50.00 


52.23 
223.00 
62.50 
S5611.34 
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disbursements. 


Aroostook !  Highmoor     General  Inspection 
Farm         Farm       Account  Analysis 


Salaries   

Labor   

Publications   

Postage  and  Stationery  

Freight  and  Express  

Heat,  light  and  power  

Chemical  and  laboratory  supplies-- 
Seeds,  plants  and  sundry  supplies.. 

Fertilizers   

Feeding  stuffs  

Library   .  

Tools,  machinery  and  appliances-— 

Furniture  and  fixtures  

Scientific  apparatus  and  specimens- 

Live  stock  

Traveling  expenses  

Contingent  expenses  

Buildings     

Total  


$1200.00 

$1350.02 
dbyy.oy 

$  562.02 
3525.91 
5.52 

$11225.67 

44.36 

37.70 

211.55 

247.90 

22.16 

30.74 

390.11 

108.08 

110.74 

364.00 

10.94 

204.38 

DZD.i< 

OOZ.OO 

1292.13 

731.91 

80.00 

922.16 

159.93 

3766.04 

640.64 

6.00 

458.66 

744.91 

924.01 

3.22 

192.32 

121.24 

29.22 

7.89 

30.15 

277.00 

1229.62 
352.98 

10.05 

13.84 

152.83 

119.22 

100.84 

146.50 

30.80 

157.35 

731.02 

610.89 

3.58 

$10938.08 

$8848.39 

$14676.48 

$12486.65 

Indi:x,  365 
INDEX 


PAGE 

Advanced   registry   requirements   94 

Adventurer,  The  (see  also  Ctenucha  virginica)   309 

Aphid  of  potato  (see.  potato  aphid)   323 

Apple  orchard  managmcnt   53 

trees,  types  and  yield  of  fruit   353 

Borax,  efTect  on  beans   358 

corn    358 

potatoes    357 

Butter- fat  averages,  Guernsey  advanced  registry  cows   97 

Holstein-Friesian  advanced  registry  cows..  95 

Jersey  R.  M.  cows   98 

relation  between  milk  solids  and   120 

percentage,  inheritance  of   115 

of  Guernsey  cattle   350 

Cattle,  conformation  and  milk  production   347 

identical  twins  in   348 

judging,  personal  equation  in   347 

Characters  which  affect  quality  of  wheat   351 

Chromosome  numbers  in  wheat   354 

Content  of  milk  solids  in  standardized  milk   119 

Cows,  milk  records,  7-day  test   88 

365-day  test   88 

Ctenucha  virginica,  abundance  of   309 

caterpillar    312 

cocoon    314 

egg   311 

moth    310 

natural  checks   316 

birds    316 

parasites    317 

Amblyteles  sp   318 

Coelopistha   sp   318 

Iseropus  coelebs....  318 

Labrorychus   sp   317 

Telenomus 

spilosomatis   319 

weather    316 

Dairy  cattle,  ability  to  judge   87 

judging  of   85 

points  of  conformation  in  milk  yields   86 

Device  for  weighing  small  seeds   354 

Drosophila,  melanogaster,  complete  linkage  in   349 

Endosperm  development  in  fertile  crosses  of  wheat   345 

sterile  crosses  of  wheat   345 
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Environment,  its  effect  on  milk  3"ield  

Fertility  of  apple  crosses   70 

Fruit  development  and  seed  set   57 

tree  vigor   74 

causes  of  "June  drop"   57 

factors  influencing   81 

the  "lob  sided  apple'"   78 

thinning  and  fruit  size   65 

Grasshoppers  (see  also  Orthoptera)   1 

Holstein-Friesian  animals  in  pedigree,  influence  of  on  butter- 
fat  percentage  200,  214,  280 

milk  yield  162,  214.  272 

variation  of  milk  flow  and  butter-fat..  126 

bulls  in  pedigree  of  high  butter-fat  percentage  203 

milk   yield   170 

low  butter-fat  percentage  204 

mi;k  yield   175 

without  A.  R.  offspring   216 

cows  in  pedigrees  of  high  butter-fat  percentage  203 

milk  yield   170 

low  butter-fat  percentage  207 

milk  yield   175 

without  A.  R.  oft'spring   217 

butter-fat  percentage  of,  average   129 

distribution  of  129 

variation  of .  .  .  .  129 

milk  yield,  average   127 

distribution  of   127 

variation  of   127 

octile  limits  of  butter-fat  percentage   134 

milk  yield   132 

dam  and  daughter,  relative  milk  yields   266 

to  daughter,  difference  in  milk  yields   266 

daughters  and  their  dams,  butter-fat,  probable 

error  of   261 

percentage  259 

milk  yield   259 

average  .  259 
difference  in  266 
probable 

errors  of  261 

relative . .  266 

pedigree,  influence  of  on  butter-fat  percentage  281 

worth  of  sire   303 

methods    135,  264 

of  King  Hengerveld  Aaggie  Fayne..  227 

Segis  Pontiac  Count   151 

Ormsby  Korndyke  Lad   270 
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Holstein-Friesiaii  pocligrcc — Con. 

sires,  advaticiiig-  the  breed   290 

in  pedi.yree  of  his;h  butter- fat  percentages  201,  280 

milk  yield   162,  272 

low  butter-fat  percentages  205,  280 

correlation   between   209 

milk  yield   171,  272 

high  milk  yield   175 

correlation 

between  178 

value  of   179 

influence  of,  on  butter-fat  percentage....  211 

average  daughters'  butter-fat  yield   220 

breeding  of,  for  butter-fat  percentage....  180 

cows  and  bulls  in  pedigree  of,   271,  272 

daughters,  average  milk  )neld  for   140 

butter-fat  percentage,  probable 

errors   131 

relative...  180 

milk  yield,  probable  errors  of..  131 

variation  of   148 

decreasing  butter-fat  percentage   279,  291 

milk  yield   272,  291 

inbreeding,  effect  of  on  milk  yield  157,  272,  295,  300 
influence  of  on  buttcr-fat 

percentage   197,  279 

leading,   for  buttcr-fat   228 

percentage    279 

milk  yield   150,  272 

number  of  daughters  for  each   180 

of  low  buttcr-fat  percentage   191 

milking    daughters   152 

relationship,  effect  of  on  milk  yield   157,  272 

who'se  daughters  lead  in  milk  yield   140 

Hybrid  calves  produced   118 

vigor  in  F,  wheat  plants   346 

relation  to  sterility  in  wheat  plants   v345 

Inheritance  of  butter-fat  percentage   115 

milk  yield   114 

Macrosiphum  solanifolii  (see  also  potato  aphid)   321 

Meadow  caterpillar  (see  also  Ctcnucha  virginica)   309 

Meteorological   report   359 

Milk  production,  relation  to  conformation   347 

records  of  cows,  value  of  7-day  test   88 

365-day  test   88 

solids,  content  in  standardized  milk   119 

relation  between  butter-fat  and   120 
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Alilk — Coi. 

yield,  effect  of  environment  on  ;   349 

in  Guernsey  cattle   349 

of  one  lactation  and  milk  yield  of  another   349 

Orchard   management   53 

Orthoptera,  of  Maine   1 

adult   stage   17 

characters  of  the  order   5 

egg-laying    5 

.     food    8 

injurious  indoor  Orthoptera   18 

key  for  identifA'ing  3-oung   13 

key  to  families  of  Orthoptera  of  Maine   20 

list  of  families   1 

Acrididae    2,  26 

Blattidae    4,  22 

cockroaches    4 

crickets    3 

earwigs    4 

Forficulidae    4,  22 

grasshoppers  with  long  antennae.  ...  2 

short  antennae...  2 

Grj'Uidae    3,  25 

Phasmidae    4,  23 

Tettigoniidae    2,  23 

walkingsticks    4 

Maine   species   4 

Acrydium  arenosum  angustum   31 

granulatum  granulatum. .  .  31 

incurvatum   .  .  31 

hancocki    31 

ornatum    31 

Anisolabis    maritima   22 

Arphia  sulphurea   27 

xanthoptera    27,  34 

Blatta   orientalis   22 

Blattella   germanica   22 

Bush-Katydid,  Broad-winged   23 

Curve-tailed    23 

Fork-tailed    23 

Northern    23 

Northern  curve-tailed  23 

Camnula  pellucida   28 

Cave-cricket.  Asiatic  or  Conservatory  24 

Spotted    25 

Woodland    25 

Yellow    25 

Ceuthophilus  maculatus   25 

neglectus    25 

terrestris    25 


Index. 
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Chloealtis  conspcrsa   26 

Chorthippus  curtipennis  13.  14,  26,  34 

Chortophaga  viridifasciata   27 

Circotettix   vcrruculatus   29 

Conocephalus  brevipennis   24.  34 

fasciatus    24.  34 

spartinae    24 

Cricket,  Sand   25 

Sphagnum    25 

Diapheromcra    femorata   3.  23 

Diestrammena   marmorata   24 

Dissosteria  Carolina   2.  17.  28 

Earwig.  Little   22 

Maritime    22 

Encoptolophus  sordidus   27,  34 

Eurycotis  opaca   23 

tibialis    23 

Field-cricket.  Common   3,  25,  34 

Grass-cricket.    Striped   34.  25 

Ground-cricket.  Carolina   25 

Gryllus  assimilis   3.  25.  34 

Hippiscus  rugosus   28 

Labia  minor   22 

Locust.  Angulate  Pygmy   31 

Autumn  Yellow-winged   27,  34 

Banded    29 

Boll's    28 

Broad-necked    30 

Bunchgrass    26 

Carolina    2.  17.  28 

.Clear-winged   14.  28.  33 

Coral-winged    28 

Crested   Pygmj-   31 

Dawson's    30 

Dusky    27,  34 

Green-striped    27 

Hancock's  Pygmy   31 

Lesser   17.  29,  33 

Little    30 

Meadow  Slant-faced  13.  14.  26,  34 

Northern    30 

Northern  Sedge   27 

Obscure  Pygmy   31 

Ornate  Pygmy   31 

Pasture    26 

Pine-tree   30 

Red-legged   14,  17,  29.  33 

Sand    28 

Scudder's  Collared   28 


370  Maine  Agricultural  Experiment  Station.  1921. 


Orthoptera,  Maine  species,  Locust — Con. 

Seaside   •   29 

Sedge  Pygmy   31 

Smith's    31 

Snapping    29 

Spring  Yellow-winged   27 

Sprinkled    26 

Striped   Sedge   27 

Two-striped   6,  18,  30,  33 

Western  Angulate  Pygmy...  31 

White  Mountain  Wingless ...  29 

Wrinkled    28 

Meadow-grasshopper,  Bruner's   24 

Dusky- faced  . .  24 
Larger,  or 

Common . .  2,  24,  34 

Saltmarsh    24 

Short-winged  24,  34 

Slender    24,  34 

Mecostethus  gracilis   27 

lineatus    27 

Melanoplus  bivittatus  6,  18,  30,  33 

borealis    30 

confusus    30 

dawsoni    30 

fasciatus    29 

femur-rubrum   14,  17,  29,  33 

luridus    30 

mancus    31 

mexicanus   atlanis  17,  29,  33 

punctulatus    30 

Nemobius   carolinus   25 

fasciatus    25,  34 

griseus    25 

palustris    25 

Neoconocephalus   ensiger   24 

Nomotettix  cristatus   31 

Nyctibora  laevigata   23 

Oecanthus   nigricornis   25 

niveus    25 

quadripunctatus    26 

Orchelimum  concinnum   24 

gladiator    24 

vulgare    2,  24,  34 

Orphulella  speciosa   26,  34 

Panchlora  cubensis   23 

Parcoblatta  pensylvanica   22 

virginica    22 

Pardalophora  apiculata   28 

Periplaneta   australasiae   4,  22 
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Podisma  glacialis   29 

Pseiidopomala  brachyptcra   26 

Psinidia  fenestralis   28 

Roach,  Australian   4,  22- 

German    22 

Green    23 

Oriental    22- 

Silky    23 

Scuddcria  curvicauda  borcalis   23 

curvicauda   curvicauda....  23 

furcata    23: 

pistillata    23 

septentrionalis    23 

Spharagemon  bolli   28 

collare    28 

Swordbearer    24  ~ 

Tettigidea  lateralis  parvipennis   31 

Tree-cricket,  Dusky   25 

Four-spotted    26. 

Snowy    25 

Trimcrotropis   maritima   29- 

Walkingstick,  Northern   3,  23: 

prevention  of  injury   10 

species  injuring  field  crops   9^ 

types  of  injury   8; 

young    6. 

Pollen  grain  in  Fi  wheat,  size  of   347 

variability  of   347" 

Potato   aphid   323 

carrier  of  disease   332' 

eqonomic  (importance   330 

life  cycle   323. 

primary   f  oodplant   326 

remedial   measures   339  > 

secondar^y   f  oodplants   327 

culture  in  relation  to  rosebushes   321 

insects    341 

Cercopids    341 

Cosmopepla  carnifcx   341 

Empoasca  mali   341 

froghoppcrs   ':   341 

leafhopper    341 

Lygus   pratensis   342 

tarnished   plantbug   342 

leafroll    37,  3^3 

carried  by  aphids   332,  333; 

cause  of  the  disease   45 

control  measures   49' 

application  of  fungicides  and 

insecticides   51 
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Potato  leafroll,  control  measures — Con. 

hill   selection  ■   50 

removal  of  diseased  hills   51 

seed-plot   52 

tuber   selection   50 

effect  upon  plants  and  tubers   39 

yield    44 

factors  of  transmission  other  than  plant-lice   48 

proofs  of  infectiousness   45 

relation  of  net-necrosis  and  spindling  sprout  to...  41 

transmission  b}'  plant  lice   46 

the  tubers   45 

mosaic,  carried  by  aphids   332 

economic  importance  of   332 

Prepotenc}^  what  constitutes  '   245 

Progeny  performance  of  Holstein-Friesian  sires   107 

Relation  of  twinning  to  age,  dam's   101 

sire's    100 

Rosebushes    321 

in  New  Brunswick...   342 

in  northern  Aroostook  . .  .  333 

in  relation  to  potato  culture   321 

primary  foodplant  of  potato  aphid   323 

Seedless  carpels  and  weight  of  fruit   71 

Seed  number  and  weight  of  apple   60 

set  and  fruit  development   57 

shape  of  apple   75 

Seeds,  small,  device  for  weighing   354 

Seven  day  tests  to  predict  365  day  records   352 

versus  365  day  tests   352 

Sterilit}'  as  shown  by  grain  set   346 

i                                                        pollen  counts   346 

I                                    groups  in  wheat   346 

I                       Treasurer's   report   362 

I                        Tree  growth  and  productivity   353 

!                               vigor  and  fruit  development   74 

!:                                             seed   content   63 

i                       Twins,  identical,  in  cattle   348 

I                        T3'pes  of  trees,  productive   353 

unproductive    353 

I                       Weather  record   361 

,l                       Wheat,  endosperm,  development  of   345 

gliadin  in   351 

I                                  gluten  in   351 

'                          '         hybrids,  sterility  in   345 

protein  in   351 

•                                   relation  of  character  to  bread-loaf  volume   351 

flour  yield   351 

I                                   size  and  variability  of  pollen  grains   347 
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ANNOUNCEMENTS. 


Establishment  of  the  Station 

The  Maine  Fertilizer  Control  and  Agricultnral  Experiment 
Station,  established  by  Act  of  the  Legislature  approved  March 
3.  1885,  began  its  work  in  April  of  that  year  in  quarters  fur- 
nished by  the  College.  After  the  Station  had  existed  for  two 
years,  Congress  passed  what  is  known  as  the  Hatch  Act,  estab- 
lishing agricultural  experiment  stations  in  every  state.  This 
grant  was  accepted  by  the  Maine  Legislature  by  an  Act  ap- 
proved March  16,  1887,  which  established  the  Maine  Agricul- 
tural Experiment  Station  as  a  department  of  the  University. 
The  reorganization  was  effected  in  June,  1887,  but  w^ork  was 
not  begun  until  February  16,  1888.  In  1906,  Congress  passed 
the  Adams  Act  for  the  further  endowment  of  the  stations  es- 
tablished under  the  Hatch  Act. 

The  purpose  of  the  experiment  stations  is  defined  in  the 
Act  of  Congress  establishing  them  as  follows : 

*Tt  shall  be  the  object  and  duty  of  said  experiment  stations 
to  conduct  original  researches  or  verify  experiments  on  the  phy- 
siology of  plants  and  animals ;  the  diseases  to  which  they  are 
severally  subject,  with  the  remedies  for  the  same;  the  chemical 
composition  of  useful  plants  at  their  different  stages  of  growth; 
the  comparative  advantage  of  rotative  cropping  as  pursued  un- 
der a  varying  series  of  crops;  the  capacity  of  new  plants  or  trees 
for  acclimation;  the  analysis  of  soils  and  water;  the  chemical 
composition  of  manure,  natural  and  artificial,  with  experiments 
designed  to  test  their  comparative  effects  on  crops  of  different 
kinds ;  the  adaptation  and  value  of  grasses  and  forage  plants ; 
the  composition  and  digestibility  of  the  different  kinds  of  food 
for  domestic  animals ;  the  scientific  and  economic  questions  in- 
volved in  the  production  of  butter  and  cheese;  and  such  other 
researches  or  experiments  bearing  directly  on  the  agricultural 
industry  of  the  United  States  as  may  in  each  case  be  deemed 
advisable,  having  due  regard  to  the  varying  conditions  and  needs 
of  the  respective  states  or  territories." 
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The  work  that  the  Experiment  Station  can  undertake  from 
the  Adams  Act  fund  is  more  restricted  and  can  "be  applied 
only  to  paying  the  necessary  expenses  for  conducting  original 
researches  or  experiments  bearing  directly  on  the  agricultural 
industry  of  the  United  States,  having  due  regard  to  the  vary- 
ing conditions  and  needs  of  the  respective  states  and  territories." 

Investigations. 

The  Station  continues  to  restrict  its  work  to  a  few  impor- 
tant lines,  believing  that  it  is  better  for  the  agriculture  of  the 
State  to  study  thoroughly  a  few  problems  than  to  spread  over 
the  whole  field  of  agricultural  science.  It  has  continued  to  im- 
prove its  facilities  and  segregate  its  work  in  such  a  way  as  to 
make  it  an  effective  agency  for  research  in  agriculture.  Promi- 
nent among  the  lines  of  investigation  are  studies  upon  the  food 
of  man  and  animals,  the  diseases  of  plants  and  animals,  breed- 
ing of  plants  and  animals,  orchard  and  held  experiments,  poultry 
investigations,  and  entomological  research. 

Inspections. 

Up  to  the  close  of  the  year  1913,  it  had  been  the  duty  of 
the  Director  of  the  Station  to  execute  the  laws  regulating  the 
sale  of  agricultural  seeds,  apples,  commercial  feeding  stuff's, 
commercial  fertilizers,  drugs,  foods,  fungicides  and  insecticides, 
and  the  testing  of  the  graduated  glassware  used  by  creameries. 
Beginning  with  January,  1914,  the  purely  executive  part  of 
these  laws  is  handled  by  the  Commissioner  of  Agriculture.  It 
is  still  the  duty  of  the  Director  of  the  Station  to  make  the  an- 
alytical examination  of  the  samples  collected  by  the  Commis- 
sioner and  to  publish  the  results  of  the  analyses.  The  cost  of 
the  inspections  is  borne  by  fees  and  by  a  State  appropriation. 

Offices  and  Laboratories. 

The  offices,  laboratories  and  poultry  plant  of  the  IMaine 
Agricultural  Experiment  Station  are  at  the  University  of  Elaine, 
Orono.  Orono  is  the  freight,  express,  post,  telegraph  and  tele- 
phone address  for  the  offices  and  la1)oratories. 
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Aroostook  Farm. 

By  action  of  the  Legislatures  of  1913  and  1915  a  farm  was 
purchased  in  Aroostook  County  for  scientific  investigations  in 
agriculture  to  be  under  "the  general  supervision,  management, 
and  control"  of  the  Maine  Agricultural  Experiment  Station. 
The  farm  is  in  the  town  of  Presque  Isle,  about  2  miles  south 
of  the  village,  on  the  main  road  to  Houlton.  The  Bangor  and 
Aroostook  railroad  crosses  the  farm.  A  flag  station,  "Aroos- 
took Farm,"  makes  it  easily  accessible  by  rail. 

The  farm  contains  about  275  acres,  al)out  half  of  which  is 
cleared.  The  eight  room  house  provides  an  office,  and  home 
for  the  farm  superintendent.  A  school  house  on  a  lot  adjoining 
the  farm  was  presented  to  the  State  by  the  town  of  Presque 
Isle  and  after  being  remodeled  serves  as  a  boarding  house  for 
the  help.  A  greenhouse  and  a  potato  storage  house  have  l)een 
erected  at  the  farm  by  the  U.  S.  Department  of  Agriculture  for 
use  in  cooperative  work  on  potato  breeding.  The  large  barn 
allords  storage  for  hay  and  grain  and  has  a  large  potato  storage 
house  in  the  basement. 

High  MOOR  Farm. 

The  State  Legislature  of  1909  purchased  a  farm  upon  which 
the  ]\Iaine  Agricultural  Experiment  Station  was  directed  to 
"conduct  scientific  investigations  in  orcharding,  corn  and  other 
farm  crops."  The  farm  is  situated  largely  in  the  town  of  Mon- 
mouth. It  is  on  the  Farmington  Branch  of  the  Maine  Central 
Railroad,  2  miles  from  Leeds  Junction.  A  flag  station,  "High- 
moor,"  is  on  the  farm. 

The  farm  contains  225  acres,  about  200  of  which  are  in 
orchards,  fields,  and  pastures.  There  are  in  the  neighborhood  of 
vS,000  apple  trees  upon  the  place  which  have  been  set  from  20  to 
30  years.  The  house  has  2  stories  with  a  large  wing,  and  con- 
tains about  15  rooms.  It  is  well  arranged  for  the  Station  offices 
and  for  the  home  of  the  farm  superintendent.  A  sulistantially 
constructed  building  for  apple  packing  was  erected  in  1912. 

The  removal  of  the  crossljred  herd  from  the  University  to 
Highmoor  necessitated  considerable  change  in  the  barns  and  the 
building  of  a  new  one  80  x  36  to  accommodate  the  herd.  This 
barn  has  a  basement  for  manure,  the  cow  stanchions  above,  and 
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a  loft  for  storage  of  hay.  The  silo  has  been  enlarged  and  a 
long  shed  has  been  made  into  calf  pens.  A  well  to  supply  the 
necessary  water  has  been  driven. 

Publications. 

The  Station  is  organized  so  that  the  work  of  investigation 
is  distinct  from  the  work  of  inspection.  The  results  of  investi- 
gation are  published  in  the  bulletins  of  the  Station  and  in  sci- 
entific journals,  both  foreign  and  domestic.  The  bulletins  for 
the  year  make  up  the  annual  report.  The  results  of  the  work 
of  inspection  are  printed  in  publications  known  as  Official  In- 
spections. These  are  paged  independently  of  the  bulletins  and 
are  bound  in  with  the  annual  report  as  an  appendix  thereto. 
Miscellaneous  publications  consisting  of  newspaper  notices  of 
bulletins,  newspaper  bulletins  and  circulars  which  are  not  paged 
consecutively  and  for  the  most  part  are  not  included  in  the  an- 
nual report  are  issued  during  the  year. 

Bulletins  Issued  in  1921. 

No.  296.    Orthoptera  of  Maine.    36  pages. 
No.  297.    Potato  Leafroll.    16  pages.   4  pages  of  plates. 
No.  298.    Studies  in  Orchard  Management.    32  pages. 
No.  299.    Report  of  Progress  on  Animal  Husbandry  Investigations  in  1920. 
36  pages. 

No.  300.  Studies  in  Milk  Secretion.  IX.  On  the  Performance  of  the 
Progeny  of  Holstein-Friesian  Sires.    132  pages. 

No.  301.  Studies  in  Milk  Secretion.  XII.  Transmitting  Quahties  of 
Holstein-Friesian  Sires  for  Milk  Yield,  Butter-Fat  Percentage 
and  Butter-Fat.    56  pages. 

No.  302.    A  Meadow  Caterpillar.    12  pages.    2  pages  of  plates. 

No.  303.    Rose  Bushes  in  Relation  to  Potato  Culture.    24  pages. 

Official  Inspections  Issued  in  1921. 

No.    99.    Foods  and  Drugs.    20  pages. 

No.  100.    Commercial  Feeding  Stuffs,  1920-21.    40  pages. 

No.  101.    Commercial  Fertilizers,  1921.    20  pages. 

No.  102.  Commercial  Agricultural  Seeds,  1921.  Insecticides  and  Fungi- 
cides, 1920  and  1921.   20  pages. 

Miscellaneous  Publications  Issued  in  1921. 


No.  540.    List  of  Available  Publications.    2  pages. 
No.  541.    Grasshoppers  and  Related  Insects.   6  pages. 
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Biological  Publications,  1921. 

In  the  inimbcred  scries  of  "Papers  from  the  Biological  Laboratory": 

137.  Sterilit}'  in  wheat  hybrids.    I.  Sterility  relationships  and  endosperm 

devclcpmcnt.    By  Karl  Sax.  Genetics.  Vol.  6,  pp.  399-416.  July,  1921. 

138.  Studies  in  orchard  management.    II.  Factors  influencing  fruit  devel- 

opments in  the  apple.  By  Karl  Sax.  Annual  Report  of  the  Maine 
Agricultural  Experiment  Station  for  1921.    Bulletin  298,  pp.  53-84. 

139.  Report  of  progress  on  animal  husbandry  investigations  in  1920.  By 

John  W.  Gowen.  Annual  Report  of  the  Maine  Agricultural  Experi- 
ment Station  for  1921.    Bulletin  299,  pp.  85-120. 

140.  Studies  on  conformation  in  relation  to  milk  producing  capacity  in 

cattle.  II.  The  personal  equation  of  the  cattle  judge.  By  John  \V. 
Gowen.  Journal  of  Dair\-  Science,  Vol.  IV.  No.  5,  pp.  359-374. 
September.  1921. 

141.  Identical  twins  in  cattle.    By  John  W.  Gowen.    Biological  Bulletin. 

Vol.  XLII,  No.  1,  pp.  1-7,  January,  1922. 

142.  Complete  linkage  in  Drosophila  melanogaster.    By  ]Marie  S.  Gowen 

and  John  W.  Gowen.   American  Naturalist. 

143.  Studies  in  milk  secretion.    IX.  On  the  performance  of  the  i)rogcny 

of  Holstein  Friesian  sires.  By  John  W.  Gowen  and  Mildred  R. 
Ccvell.  Annual  Report  of  the  Maine  Agricultural  Experiment  Sta- 
tion for  1921.    Bulletin  300,  pp.  121-252. 

144.  Studies  in  milk  secretion.    X.  The  relation  between  the  milk  yield  of 

one  lactation  and  the  milk  5'ield  of  a  subsequent  lactation  in  Guern- 
sey Advanced  Registry  cattle.  By  John  W.  Gowen.  Journal  of 
Dairy  Science. 

145.  Studies  in  milk  secretion.    XI.  The  relation  between  the  butter-fat 

percentage  of  one  lactation  and  the  butter-fat  percentage  of  a  sub- 
sequent lactation  in  Guernsey  Advanced  Registry  cattle.  By  John 
W.  Gowen.    Journal  of  Dairy  Science. 

146.  Studies  in  orchard  management.    III.  Bud  variation  and  tree  per- 

formance in  clonal  varieties.    By  Karl  Sax  and  John  W.  Gowen. 

147.  Wheat  investigations.    II.  Correlations  between  various  characters 

of  wheat  and  flour  as  determined  from  published  data  from  chem- 
ical, milking  and  baking  test  of  a  number  of  American  wheats.  By 
Jacob  Zinn.   Journal  of  Agricultural  Research. 

148.  Studies  in  milk  secretion.    XII.  Transmitting  qualities  of  Holstein- 

Friesian  sires  for  milk  yield,  butter-fat  percentage  and  butter-fat. 
By  John  W.  Gowen  and  Mildred  R.  Covell.  Annual  Report  of  the 
Maine  Agricultural  Experiment  Station  for  1921.  Bulletin  301, 
pp.  253-308. 

149.  Studies  in  milk  secretion.    XIII.  Relation  between  the  milk  yields 

and  butter-fat  percentages  of  the  7  day  and  365  day  tests  of  Hol- 
stein-Friesian  Advanced  Registry  cattle.  By  John  W.  Gowen. 
Journal  of  Dairy  Science. 

150.  Studies  in  orchard  management.    I\'.    Productive  and  unproductive 

tj-pes  of  apple  trees.  By  Karl  Sa.x  and  John  W.  Gowen.  Journal  of 
Heredity.   Vol.  XIT,  No.  7,  pp.  290-350. 
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Miscellaneous  Publications  from  the  Biological 
Laboratory  in  1921. 

Chromosome  relationships  in  wheat.    By  Karl  Sax.    Science  N.  S.,  Vol. 

LIX,  No.  1400.  pp.  413-415.    October  28,  1921. 
Simple  device  for  weighing  seeds.    By  Karl  Sax.    The  Botanical  Gazette, 

Vol.  LXXI,  No.  5,  p.  399.    May.  1921. 

Miscellaneous  Publications  from  the  Plant  Pathological 
Laboratory  in  1921. 

Leafroll,  Net-Necrosis  and  Spindling  Sprout  of  the  Irish  Potato.  By 
Donald  Folsom  (joint-author).  Journal  of  Agricultural  Research, 
Vol.  XXI,  No.  1,  pp.  47-80. 

Effects  Upon  the  Growth  of  Potatoes,  Corn  and  Beans  Resulting  from  the 
Addition  of  Borax  to  the  Fertilizer  Used.  By  W.  J.  Morse  (joint- 
author).    Soil  Science,  Vol.  12,  pp.  79-105,  August,  1921. 

STATION  NOTES 

CouNcn.  AND  Staff  Changes 

At  the  June  meeting  of  the  Board  of  Trustees  of  the  Univer- 
sity of  Maine,  Hon.  Frank  E.  Guernsey  of  Dover  was  reappoint- 
ed a  member  of  the  Council.  This  was  to  fill  the  place  made 
vacant  by  the  death  of  Mr.  Charles  E.  Oak,  which  occurred 
April  17,  1921.  At  the  annual  meeting  of  the  State  Dairymen's 
Association  Mr.  John  W.  Leland  of  Dover  was  selected  as  their 
representative  to  fill  the  vacancy  caused  by  the  death  of  Mr. 
Frank  S.  Adams  which  occurred  during  the  previous  year. 

The  Station  during  the  War  and  the  period  of  high  prices 
immediately  following  has  been  obliged  to  carry  on  its  work  with 
the  same  income  that  it  had  for  several  years  previously.  It  be- 
came necessary  to  curtail  expenditures  in  every  possible  manner. 
One  way  to  meet  the  situation  was  to  refrain  from  filling  va- 
cancies where  resignations  occurred.  While  the  disastrous 
results  sure  to  follow  such  a  policy  v.-ith  reference  to  the  quality 
and  quantity  of  the  Station  work  are  appreciated,  it  has  been 
necessary  to  adopt  it  in  considerable  extent.  Hence  no  new  ap- 
pointments were  made  to  fill  vacancies  which  had  previously 
occurred  and  the  Station  staff  is  smaller  than  it  has  been  for 
some  years.  Mr.  Hugh  C.  McPhee  resigned  as  Scientific  Aid  on 
November  1.  Warner  J.  Morse  was  appointed  Director  on  April 
15,  retaining  at  the  same  time  the  duties  of  Plant  Pathologist. 
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